%'hen care is taken to prevent contamination, the superconducting transition temperatures of thin Al, Sn, Tl, and amorphous-Bi films are depressed by overlayers of Ne or Ar. For a given film, the ratio of the shift in T, produced by Ar to that produced by Ne is observed to be 1.8. The results can be explained in terms of a modification of the phonon spectrum by the presence of the noble gas. A simple model predicts the observed ratio of the effect of Ar to that of Ne and the relative magnitudes of the shifts for the four different metals.
I. INTRODUCTION In the theory of strong-coupling superconductors the transition temperature T, is determined by the frequency dependence of the product of the electronphonon coupling constant and the phonon density of states, n2(&u)E(cu). Differences between the transition temperatures of thin films and that of the bulk metal are often explained in terms of a modification of o. "(~)I"(~)in the film. It has been suggested that the enhancements of the superconducting transition temperature for amorphous or disordered films of many nontransition metals' are caused by a softening" of the phonon frequencies in the film relative to those of the bulk metal. ' Based on the experimental observation that the low-temperature specific heat is the same for disordered as for ordered crystalline films, Bergmann' has reached a somewhat different conclusion. He attributed the increase in T, with disorder to a modification of the electron-phonon coupling constant u (&u) by "forbidden" electron-phonon processes which are permitted when translational invariance is broken by the disorder.
It has also been suggested that true surface phonons as well as disorder may contribute to the enhancement of T, in thin films. ' Theoretical calculations of the phonon spectrum for model films lend some support to this hypothesis. ' The presence of a free surface is expected to lower the average phonon frequency in the thin film and consequently increase its T, with Although it is improbable that the only effect of the noble-gas adsorbate is to modify the phonon spectrum, the surprisingly good agreement between the predictions and the experimental observations suggests that the principal influence of the adsorbate on T, is through this mechanism.
II. EXPERIMENTAL PROCEDURE
The Al films were evaporated from a W filament and the Sn and Tl films were evaporated from Ta bands onto a quartz substrate held at 77 'K. Before cooling to helium temperatures the films were partially annealed at 95 K. The amorphous-Bi films were evaporated from a Ta band and "quench condensed" onto the substrate which was held at 4 'K.
Although these films are referred to as amorphous Bi, the sample contained G-at. %%u OTl, whichhelped to stabilize the amorphous phase.
Some details of the experimental apparatus are shown in Fig. 1 resistance.
In Fig. 3 Tl films also show a shift opposite to that produced by the noble gas when they are oxidized, no control film was needed with them. For the data shown in Fig. 2 , the fact that T, returned to the value for the clean film when Ne was desorbed and that T, remained unshifted when the Ar-coated film was warmed to 25 'K provides convincing evidence that the observed shifts result from the noble-gas layer rather than any impurity.
III. RESULTS
As indicated in Fig. 2 
If &T"+,and &T"N, are, respectively, the shifts in T, due to modification of the phonon frequencies when Ar and Ne are deposited on a given film, then Eqs. (3) and (4) '(dT, / dP) for the bulk material under a uniform hydrostatic pressure. Values of (dT, /dP) are of course not available for a-Bi and a-Ga; however, it is reasonable to assume that these materials are somewhat similar to the high-pressure phases Bi II and Ga II, which have approximately the same superconducting transition temperatures as a-Bi and a-Ga. The values of (dT, /dP) taken from Levy and Olsen indicate that, if the shifts were principally due to stresses, the value of b, T /T, for the strongcoupling films a-Bi, a-Ga, and Pb should be about one-half to one-third that observed for the weakcoupling material Sn. The fact that the shifts hT, / T, for c-Bi reported in the present work and for a-Ga and Pb reported by Felsch and Glover ' are at least an order of magnitude smaller than those for Sn indicates that the results canno' easily be explained in terms of stresses.
One might expect that a stronger argument against the influence of stresses could be made using the fact that (dT, /dP) for Tl has the opposite sign from (dT, /dP) for the other non-transitionmetal superconductors.
Care, however, must be taken when considering a material as anisotropic as Tl, where the sign of (dH, /dP) is observed to change with the direction of a uniaxial stress P. However, the available experimental evidence, in both type-I and type-II superconductors, is restricted to the measurement of various macroscopic time-independent electric fields associated with the presumed motion. In addition, the geometry of the flux structures involved is often unclear and so no detailed test of the various theories has been possible. However, it is known6 that the melldefined Landau domain structure can be set up in a type-I superconductor by applying a magnetic field at a small angle to a thin flat plate. Moreover, this structure can certainly be set into motion with an electric current and the motion observed directly, either over the whole sample with the magneto-optic technique ' or at a single point using Sharvin's method. '9 We wish to report the results of an experiment, using the latter method, which clearly demonstrate that continuous regular motion can also be realized with a thermal gradient. Furthermore, our observations allow us to deduce an experimental value for the actual velocity of flux motion and so, for the first time, allow a comparison of this fundamental aspect of the phenomena with theory.
The experimental arrangement is shown in Fig.  1(a) A direct chart-recorder trace of resistance fluctuations observed in the presence of a thermal gradient is shown in Fig. 1(b) , with the experimental conditions identified in the caption. The vertical axis records resistance with the maxima corresponding to materialunder the pointbeing completely normal and minima to its being superconducting.
Occasional extended sequences of fluctuations have been observed which are extremely regular, but the trace displayed in Fig. 1(b) is typical of that which could be reproducibly obtained under a variety of experimental conditions. The spatial periodicity a [identified in Fig, 1(a) ] of the domain structure in tin is known8'9 with about a 10% uncertainty for a given value of T, P, and C&, where the last quantity, the volume fraction of the sample in the normal state, is obtained directly from traces, such as Fig. 1(b) , by averaging over -15 fluctuations.
Using similar averaging, one obtains the number of domains/sec passing under the point, and multiplication by a gives an average velocity of domain motion for the given values of P, C", T, and AT. The variable of main interest is hT and Fig. 1(c) shows the result of varying this while holding P, C", and T constant. The error bars represent the maximum variation encountered in the velocity
